The burden of stroke among hypertensive and diabetic population in sub-Saharan Africa remains high. We sought to identify the risk factors associated with stroke occurrence in these high-risk population groups.
Introduction
Recent estimates indicate that sub-Saharan Africa (SSA) currently bear a high and rising burden of stroke on the globe. [1] [2] [3] [4] [5] [6] [7] Stroke in these regions is characterized by young age of onset, a high propensity of being hemorrhagic, a high mortality, and significant poststroke complications including depression, cognitive impairment and social stigma. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Due to the pervasive lack of health personnel and weak health infrastructure to support stroke survivors in these regions, there is a dire need to identify the key risk factors for stroke occurrence to inform interventions aimed at stroke prevention at the population level.
The INTERSTROKE 11 and GBD studies 10 which included African participants provided some insights into the potential risk factors for stroke occurrence in SSA. The Stroke Investigative Research and Educational Networks (SIREN), the largest case-control study on stroke in Africa 12 to date have recently identified and characterized the associations between 11 dominant risk factors of stroke in decreasing order of population attributable risk as hypertension, dyslipidemia, regular meat consumption, elevated waistto-hip ratio, diabetes mellitus, low consumption of green leafy vegetab les, stress, table added salt, cardiac disease, physical inactivity and current cigarette smoking. 12 These cardio-metabolic and lifestyle risk factors associated with stroke occurrence provide a clear evidence of the impact of the epidemiologic transition, driven by rapid urbanization and adoption of westernized lifestyles, on the surge of Cardiovascular Diseases (CVD) among Africans.
Prospective studies aimed at identifying risk factors for stroke occurrence among indigenous Africans are also urgently warranted. While case-control studies can identify risk factors associated with stroke occurrence, causal inferences cannot be drawn. The
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4 prospective, community-based Tanzania Stroke Incidence Project (TSIP) study reported a yearly stroke incidence rate of 108.6 per 100 000 in rural Hai and 315.9 per 100,000 in urban Dar-es-Sallam. 4 Among the factors, the TSIP investigators identified as associated with stroke occurrence were previous cardiac event, HIV infection, high ratio of total cholesterol to HDL cholesterol, smoking and hypertension. 20 An emerging view supported by recent secular trends is that the growing burden of stroke in SSA is driven b y a neglect in control of vascular risk factors such as hypertension and diabetes at the population level.
In this regard, prospective data on stroke risk among high risk population such as those with hypertension and diabetes are needed to elucidate the key contributors to stroke occurrence to fine-tune primary prevention interventions. We therefore sought to evaluate the determinants of stroke among a prospective cohort Ghanaians with hypertension and diabetes mellitus. Participants were recruited as part of a pragmatic clinical trial aimed at improving access to medicines for the control of hypertension and diabetes by offering medications at differential pricing. 21
Methods

Study design and participants:
The Ghana Access and Affordability Program (GAAP) pilot study is a prospective cohort study involving adults with hypertension only 22 , if participant had ever experienced sudden onset of weakness or sensory loss on one side of the body, sudden loss of vision, or sudden loss of speech. These questions were obtained from the 8-item questionnaire for verifying stroke free status (QVSFS) which has been validated locally. [23] [24] [25] QVSFS was used as neuro-imaging facilities were not available at any of the study sites at the time of the study. Study participants visited every 2 months for 18
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6 months to assess control of hypertension and diabetes mellitus and to assess for vascular complications including stroke.
Individuals were classified as physically active if they were regularly involved in moderate exercise (walking, cycling, or gardening) or strenuous exercise (jogging, football, and vigorous swimming) for 4 hours or more per week. Alcohol use was categorized into current users (users of any form of alcoholic drinks) or never/former drinker while alcohol intake was categorized as low drinkers (1-2 drinks per day for female and 1-3 drinks per day for male) and high drinker (>2 drinks per day for female and >3 drinks per day for male. 1 drink or 1 unit of alcohol = 8g of alcohol). 26 Smoking status was defined as current smoker (individuals who smoked any tobacco in the past 12 months) or never or former smoker. 26 Vegetable and fruit intake was assessed based on number of daily servings per
week. The Ghana Statistical Services defines urban residence as settlements with population >20,000, peri-urban as settlements with population size between 5,000 and 19,999 and rural residence as those with population <5,000. Participants who suffered a stroke during follow-up were more likely to be male and were significantly older, with a mean ± SD age of 61.4 ± 10.6 years compared with 57.4 ± 12.8 years for those stroke-free, p=0.02. There were significant differences between the two groups with regards to the level of health institution with higher rates reported at tertiary and primary levels compared with secondary level. Furthermore, those who experienced strokes were significantly more likely to be unemployed, 46.2% versus 31.3% among those who did not experience stroke, p=0.02. Educational status, monthly income, health expenditures and location of residence did not significantly differ between the two groups (Table 1) .
Among the lifestyle factors, previous cigarette smoking history was more frequently reported among stroke group at 20.4% compared with 6.3% among the stroke-free group, p=0.0001. Physical inactivity rates were marginally higher among stroke group at 50.0% compared with 38.1% among those without stroke, p=0.07. A higher proportion of those who were stroke free consumed more daily servings of vegetables and fruits during the week compared with those with stroke. Current alcohol use and table added salt were not significantly different between the two groups. 
Discussion
This is one the few studies in SSA to characterize incident strokes among a population with hypertension and diabetes mellitus. In this multi-center, hospital-based, prospective cohort study, crude incidence rate of stroke was 14.19 per 1000 person-years.
Two factors, namely physical inactivity and previous cigarette smoking were independently associated with incident stroke while 4 other factors including male gender, increasing age, seeking healthcare at a secondary level health facility and being unemployed were moderated into non-significance in adjusted models. In secondary analyses, uncontrolled baseline blood pressure, in particular grade II hypertension was independently associated with increased incident stroke risk with a hazards ratio of 3.04 (1.00-9.27) compared with optimal BP of <120/80mmHg. However, baseline glycemic control did not independently predict stroke occurrence.
Patients with comorbid diabetes and hypertension had the highest crude incidence stroke rate of 16.64/1000 person-years, followed by hypertension with 13.77/1000 personyears and diabetes with 9.81/1000 person-years. Our stroke incidence rates among diabetics is slightly higher than that of a large Italian cohort comprising of diabetics most of whom had hypertension with almost 4 years of follow-up, where the reported incidence stroke rates was 13.7/1000 (95% CI: 7.5 to 19.8) person-years in men and 10.8/1000 (95% CI: 7.3 to 14.4) person-years in women with a history of cardiovascular disease. 27 In a sub-analysis of the North Manhattan Study, involving 1,750 participants aged >60 years without DM or CKD, crude incidence rates for stroke occurrence among those with hypertension was 6.2/1000 person-years for SBP<140mmHg, and 10.8/1000 person-years for those with SBP>150mmHg. 28 Thus, although follow-up time is relatively short in the present study, the incidence rates of stroke among Ghanaian hypertensive and diabetic population appear to be slightly higher than that of developed countries.
Previous history of cigarette smoking remained a consistent determinant of stroke risk in the entire cohort and in sub-group analyses. This is an interesting observation given that the Framingham study showed that stroke risk decreased significantly 2 years after smoking cessation and was at the level of nonsmokers about 5 years after stopping cigarette smoking. 29 Mechanistically, smoking causes reduced compliance and distensibility of blood vessels and increases hematocrit, platelet aggregation and fibrogen concentrations. 30 In this Ghanaian cohort, there was dose-dependent association between duration of cigarette use before quitting and stroke risk such that each 5-year increase in cigarette smoking was associated with a 28% increased hazard of stroke. We however did not collect data on how long participants had stopped cigarette smoking before enrollment into the study. Surprisingly, current cigarette smoking was not significantly associated with increased stroke risk probably because so few of the participants reported current tobacco use. In developing countries such as ours, cigarette smoking is an expensive behavioral habit to maintain on meager incomes.
The association between physical inactivity and stroke occurrence is well established from previous case-control studies on stroke. 10-12, 3 1 In the present study, there was an 81%
higher hazards of stroke among those reporting no regular physical activities compared with those with any physical activity. Although we could not establish a dose-dependent association between physical activity and stroke risk, our results suggest t hat lifestyle factors such physical activity level may potentiate the risk for adverse CVD outcomes among hypertensive and diabetic patients. In the prospective REGARDS (Reasons for Geographic and Racial Differences in Stroke) US cohort, physical inactivity was associated with a 20% higher hazard of stroke upon adjustment for demographic and socioeconomic factors, but further adjustment for traditional stroke risk factors attenuated this risk. 32 The level of blood pressure control at enrollment independently affected stroke occurrence in a secondary analysis. Specifically, having grade II hypertension with SBP>160mmHg and/or DBP>100mmHg was associated with a 204% higher hazards of stroke compared with optimal BP of <120/80mmHg. The control of blood pressure across the African continent remains below 10% for those on treatment, making this an urgent public health priority. 33, 34 The REGARDS investigators identified independent associations between number of antihypertensive medications prescribed for hypertensive subjects and stroke risk 35 , but we did not observe such associations probably due to lower sample size, shorter duration and lack of control population without any vascular risk factor to serve as comparator. Among hypertensive patients on treatment in the present cohort, we have identified poor adherence to antihypertensive therapy, difficulties obtaining antihypertensive medications, longer duration of hypertension diagnosis, receiving
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13 healthcare at tertiary centers and number of antihypertensive med ications to be independently associated with poor BP control. 36 Among Ghanaian stroke survivors with hypertension attending a neurology clinic, approximately 70% were found to have controlled BP during the first year after stroke. 37 Designing interventions aimed at improving medication adherence such as using mobile health technology 38,3 9 and cardiovascular polypill with generic antihypertensive medications 40, 41 in resource-limited settings could lead to improvements in BP control. Furthermore, price reduct ion schemes for antihypertensive medications 21 and insurance coverage with task-shifting strategies 42 may be worthwhile investments in low-and-middle income countries to stem the tide of morbidity and mortality from uncontrolled hypertension.
The limitations in our study include the lack of confirmation of stroke with neuroimaging, which is considered as the gold standard. We relied on clinical assessments by study physicians to confirm stroke diagnosis which may be subject to misclassification by stroke mimics. It was not possible to perform CT scans because of unavailability at most of the study sites which is a daunting reality in many developing countries. There is a possibility that we missed some severe or fatal stroke cases who did not report to clinic for follow-up since strokes were assessed only among participants who reported for follow-up visits. However, as part of the study protocol, participants who missed clinic visits were called to ascertain reasons for default. Well known vascular risk factors such as atrial fibrillation and dyslipidemia were not systematically assessed because electrocardiography were not undertaken for all participants and only a fourth of study population was supported by the study to cover lipid panel costs. However, we may not have been sufficiently powered for analysis of factors associated with stroke occurrence in the three subgroups because a formal power analysis was not performed a priori. The small number of stroke events reported overall could be due to a short follow up (average of 14 months), patients being on treatment to control blood pressure and blood glucose respectively and also significant loss to follow-up ( Figure 2 ). The group with dual diagnosis of hypertension and diabetes mellitus which contributed up to 39% of incident strokes were included in the models assessing factors associated with stroke occurrence among those with hypertension (Table 3 ) and diabetes mellitus ( Table 4) respectively. In spite of these limitations, we believe our study contributes to literature by providing crude estimates of incident strokes rates and associated risk factors in a prospective cohort of hypertensive and diabetic patients. Further follow-up is planned to accrue more stroke events to enable rigorous longterm analysis of factors associated with stroke occurrence in this high-risk population.
In conclusion, incident strokes are highly common among Ghanaians with hypertension and diabetes receiving treatment in public hospitals. The situation is probably similar in other resource-limited countries in SSA. Stricter control of blood pressure and engaging in regular physical activities are strongly recommended to reduce the risk of strokes among Ghanaians with hypertension and diabetes.
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